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Active Noise Reduction for audiometry 



ABSTRACT!" 

The technology of active noise reduction (ANR) is incorporated into audiometry 
testing in a variety of formats.; .. Analog feedback, digital feedback, adaptive 
feedforward, and adaptive feedback noise control schemes , are presented for use in 
audiometry to reduce the ambient noise heard by the test subject, allowing subject 
testing in higher ambient noise fields. Audiometer test, signals are appropriately 
compensated so the test results are accurate and comply with existing calibration 
standards for audiometers. Existing audiometry headphone technologies are modified 
so that ANR can be accomplished while satisfying existing standards for audiometric 
testing. Embodiments are also defined for alternate headphone arrangements that' may 
not conform to current (1997) audiometric testing standards but provide sufficient 
performance advantages to warrant new standards for audiometry testing in the future. 



IJIeld of the Invention 

This invention relates to the application of any one of a variety of ANR 
techniques to ; audiometry testing and to corresponding embodiments of audiometry 
testing headphones. Specifically, the reduction or, cancellation of ambient noise of any 
spectral content existing in and/or around the vicinity of an audiometric, testing facility 
is the main object of the invention. Audiometry testing stimuli are compensated in 
appropriate ways, after the application of the ANR method, resulting in accurate testing 
results that conform to standard calibration procedures. This invention includes the 
field of electronic equipment used for audiometry testing as well as the field of 
electronic devices used for personal ANR implementations. 

... . .. . , . ,-, t . ■ • ' ; • 

Background of the Invention 

Audiometric testing requires very lo^ ambient noise levels in order to determine 
a subjects hearing threshold level. (Ambient noise may riefer to the noise heard by the 
user under the audiometric test headphones or to the noise in the immediate area 
surrounding the test subject. The specific meaning will be clear in the context of the 
subsequent discussion.) . In the past,, two methods have been used to achieve low 
ambient noise- environments where ;test subjects .can be accurately tested. Artificially 
quiet environments have been created by installing various sizes of soundproof testing 
booths (chambers or rooms) in locations that are otherwise too noisy. An alternative to 
this expensive option has been to add more passive attenuation materials to existing 
headphones, thus enclosing the » ear in a chamber called a circumaural headphone 
architecture (such as the Audiocup). This option is not preferred by some audiologists 
because of non-uniformity i of testings results caused by improper fitting of such 
headphones to the wearer. Recently, insert earphones were introduced into the industry 
as an alternative to booths and circumaural headphones. Although they are capable of 
providing accurate test results in higher ambient noise fields than most other test 
headsets, their low. frequency insertion loss iis unacc^ptably low for many noise fields. 
In addition, significant variability in testing results due to fitting issues has left a need 
to seek out new innovations for audiometric testing in noisy environments. 

The use of ANR techniques to reduce the acoustic noise perceived by a human 
listener has become quite popular in the last ten /years. There are numerous patents 
related to the art and many of those innovations ar£ related to various configurations of 
ANR headsets. Although there are substantial variations among the different types of 
ANR headsets that are in existence, none of the . headsets have been designed to be 
integral components in hearing evaluation equipment or for the purpose ot improving 
the quality of audiograms generated in situ; The instant innovations /significantly 
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advance the state-of-the-art for ANR headphones, providing a completely new design 
process and fabrication than previously defined by prior inventors. 

Objects of the Invention 

, *. ^ . m ' * ' » . i * » • *. 
Accordingly, it is an object of this invention to reduce ambient noise in any 
audiometry testing! envirofim'ent, clinical' or otherwise,, by use of active noise control 
technology for the purpose of improving the accuracy of measured hearing thresholds 
in noisy environment^ and; 

. _ ■ ■ \ - .' v. js ■ . ■: 

It is another/ friiiial ^object of this invention to provide active cancellation of 
ambient noise in audiometry, oyer a wide frequency range and, 

Yet another object of this. invention is' 16 provjde for audiometric testing in high 
ambient noise conditions using active noise cancellation techniques and, • 

It is another object of this invention to use feedback control with analog and/or 
digital hardware and/or software to implement the active noise control in an audiometer 
and, 



It is still another object of this invention i& usfe .feedforward control emplbying 
digital: software and some extferhal analog hardware to implement the active Inoise 
controLin an audiometerarid, *- 



: It is* a further object of this invention to use both, feedback and feedforward 
control simultaneously to .implement; the active noise control in an audiometer thereby 
selectively canceling different types of noise and, A 

It is yet another object of this invention to meet existing audiometry testing 
standards while incorporating active noise control into either a new or existing hearing 
testing device and, " tf^jr.T . / 

Still further, It is an object of this invention to use active noise control in a 
headphone or headset system that is also used to perform audiometry testing thereby 
performing the active noise control, and hearing testing simultaneously and, 

It is a still further object: of this invention to use the same or different actuator 
or actuators for delivering both the audiometry test stimulus and the active noise control 
signal and, <« *<\ v ... ten; \ ;jc . 

Furthermore.lt is ah object-of this invention to deliver any audiometer test 
signal to the test subject while attenuating the ambient noise with active noise control, 
in such a manner that the test stimulus is either not affected by the control process or 
the test results can be interpreted so as to* factor the controller into the results and, 

It is an additional object of. this mvehtibh to deliver any audiometer test stimulus . 
to the test subject through fhe same actuator or different actuators* while reducing the 
ambient noise using active hoise^ control such that the nature of the test stimulus is 
independent from the control action andr 4 V> : - - 

It is yet another object of this invention to provide an external device which can be 
used' with any existing audiometer and requires no modification in order to realize the 
benefits of active noise reduction to. any existing audiometry , hardware and, 



It is a final object of >this : Tnvehtion to integrate the active nois6 control 
technology, into a specially buflt-audiometer that 'is either an existing audiometer that 
has been modified, for the purpose of including the' active noise control technology or 
an audiometer that is manufactured to have already* incorporated in it, the active noise 
control technology. 
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Brief Description of the Figures 

Figure 1 illustrates the general inclusion of active noise reduction in audiometry 
in a manner such that each of the critical components stand alone. 

Figure 2a shows a conventional audiometry testing system in block diagram 
form. Figure 2b shows the same conventional system with a quantitative measure of 
the sound reaching the test subject's eardrum. 

Figure 3 illustrates a generalized relationship between the actuator, sensor and 
user for an active noise control application where the exact location of the microphone 
is a function of both the distance from the speaker and the distance from the user. 

Figure 4a shows a headphone implementation for the active control components 
used in audiometry where the actuator delivers both the test stimulus, and the control 
force ; Figure 4b illustrates one possible embodiment where separate actuators are used % 
, for test stimulus delivery and noise control. 

. Figure 5 shows one possible position for tHe error' sensor required for active 
noise control in a standard audiometry test headset such that the inclusion of the sensor 
Has no physical affect on the calibration procedure or normal fit of the cushion to the 
test subjects pinna. : " ... ' " \ 

Figure 6 illustrates another possible impleynentation where two actuators can be 
used, one for test stimulus delivery and, one for control force delivery.'. In this figure 
the test- stimulus is delivered by an insert earphone and the control force is included in a 
circurhaural ANC headset device designed to minimized ambient noise for the purpose 
of performing audiometry testing. 

Figure 7 shows one possible , actuator,, sensor, and passive noise, control 
configuration that, does not meet the current standards for audiometry due to the 
cicumaural cushion, but may provide excellent performance if the proper calibration 
procedure is specified. 

Figure 8 is a general feedback control block diagram designed for disturbance 
rejection. ^ ' 

Figure 9 is a more specific illustration of how analog feedback control can be 
used to reject ambient^ noise in an audiometer system. 

Figure 10 is a similar embodiment to that of Figure 9, but implements the 
feedback controller using digital components as well as analog components 

Figure 11 illustrates feedforward nojse control for use in rejecting ambient 
disturbances in audiometry while also offering two possible options for delivering the 
audiometer test stimulus; 

Figure 12 illustrates combined feedback and feedforward active noise control 
for use in rejecting ambient noise during audiometry testing. 

Figure 13 assists in the derivation of the test stimulus prefilter required for the 
system shown in Figure 6 where a separate actuator is used to deliver the test stimulus 
and the control force. _ \ • V- . - : . - 

Figure 14 shows the generalized design for a retroactively fit active noise 
control device which can be used with any audiometer. 

, Figure 15 shows a generalized design for an integrated active noise control 
audiometer where all of the components required for test stimulus delivery and active 
noise control are constructed into the same piede of hardware. 
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Detailed Description and Preferred Embodiment 

A large number of applications of active noise control (ANC) have been 
confined to laboratory experiments performed under carefully controlled conditions. 
However, in the past decade, ANC has found % a specific market in hearing protection 
devices. Headsets designed to protect the wearer from harmful sound pressure levels 
now incorporate both passive and active measures.* ^Passive control (typically in the 
form of a circumaiira) cushion) is most effective at protecting the wearer from high 
frequency disturbances whereas active control, is most effective Tor frequencies below 1 
kHz. By placing the active noise control system inside the headset and close to the 
user's ear, manufacturers of these devices take advantage of a local zone of silence 
created around the error microphone, as well as minimal power requirements for the 
near- field architecture of ANR headsets. 

While the hearing protection application of active noise control is quite useful, it 
does not constitute an ooject of this invention.. Instead, this, invention seeks to utilize 
active noise control in hearing screening devices. Botn the control objective arid 1 the* 
specific application of ANC are different from the current state-of-the-art applications. 
In audiometry (or hearing screening), the [objective is to deliver ' the audiometer test 
stimulus to the patient in a controlled setting so that the evaluation of the subject's 
hearing can be accurately ascertained. This differs -from hearing protection where the 
goal is to reduce the amount of harmful noise that arrives at the user's eardrum. By 
including active noise control technology into audiometry, accurate hearing acuityaests 
can be given in higher and more diverse ambient noise fields' than ever Before. This 
technology will also permit 4 many clinics and industrial hygienists to provide increased 
numbers of patients and employees with audiograms that meet stringent national and 
international standards.- - * ■ 




audiometry. Control systems, plant design, and audiometer constructions are several of 
the main subject areas that are addressed. However, the primary focus of the invention 
is on the application of ANC to audiometry for the purpose of improving hearing 
testing procedures in a variety of environments. . «r 

The general technology of active noise control is well established and can be 
understood and implemented by those skilled in the art. Therefore, only a very brief 
description is provided. Active noise control uses an actuator, usually a speaker, to ; 
introduce into a noisy environment, a secondary sound pressure wave that is out of 
phase with the undesirable noise, or disturbance..- The anti-wave is generated 
electronically with some control algorithm whose* input is a measure of the disturbance . 
field. This measurement is usually performed by a microphone. There are many 
configurations and designs for the control approaches that are application dependent. 
For the audiometry application, the goal is J to provide a sound field at the user's ear ; 
that is quiet enough to measure a 0 dS hearing level (HL) for users with normal hearing 
acuity. In order to provide an accurate measurement, the audiometer must also provide 
a test stimulus with known SPL to the user's ear-drum. Implementing ANC in a 
disturbance rejection format, effectively improves the signal-to-noise ratio (SNR) of the 
test stimulus to ambient noise by reducing the ambient noise instead of amplifying the 
signal. j 

~ State-of-the-art audiometry 'testing i's 'performed using passive noise control 
devices to reduce the ambient noise to acceptable levels. These devices include insert* 
earphones, test booths, supra-aural ear cushions and circumaural domes. The .noise 
attenuation effectiveness of these devices * mOnotonically degrades with decreasing 
frequency below 1 kHz, thus limiting : severely the maximum ambient noise level in 
which accurate testing can be performed. By combining ANC with existing passive 
components, it will be possible, to conduct accurate testing in higher ambient noise 
fields. . Figure 1 illustrates this concept. An orqer for the test stimulus to be delivered 
to the end-user without masking by .the disturbance dj, the. passive, performance^ (2) 
must reduce dj to an acceptable level. This effectively gives a maximum rating for the 
passive performance. When ANC is included (1), a higher ambient noise level d2 can 
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be tolerated because it can reduce the level to that of dj without any passive 
performance. . J 

Figure 1 clearly illustrates the four main components of this innovation. The 
passive performance (2) must work closely with the controller design and is often 
called the "plant". The plant design is discussed first, in detail, with specific reference 
to existing standards, passive noise control performance, and effects that the design has 
on active noise control in audiometry. , Next, the controller, (1) design is discussed. It 
can take on many forms including feedback, feedforward, and a combined 
feedback/feedforward approach. Next, the audiometer itself (3) may or may riot be 
affected by the design of the controller and/or the plant. Methods for correcting any 
adverse effects are carefully explained since the audiometer must deliver the test 
stimulus to the user at a known SPL. Finally, the summing junction (4) in Figure 1 is 
associated with , the last component in the ANR audiometer design, i.e. the physical 
inclusion of the audiometer test signals in the ANR environment. Several methods for 
performing this task are presented. . ; • 

In any control system, the "plant" is the system that the control acts upon. It 
includes all dynamics that exist between the output of the controller and the input to the 
controller. The^plant is as critical to the control system design as the controller itself. 
Therefore, special emphasis is placed on the audiometry plant befpre discussing any 
controller approaches. First, consider Figure 2a/ Disregarding the control components 
for a moment, the; passively controlled audiometry plant includes the input from* the 
audiometer (6) (test Stimulus) that^drives the headpnone speaker (7), the ambient noise 
disturbance d that is reduced by the passive control measure (5), the test subject's pinna 
(9). earcanal (9), and eardrum (10), and the test subject's response (12) detected by the 
audiometer. As mentioned earlier, a sensor is necessary to detect the disturbance so 
that the ANR control system can generate the anti-wave. Without loss of generality* it 
will be assumed that the sensor is a microphone placed near the subject's eardrum. 
This microphone placement is critical for many reasons that will be addressed 
momentarily. j! " v \ - 

Now consider Figure 2b, the audiometry plant that includes necessary control 
components. The primary difference in Figure 2a and 2b is tftat there is an additional 
output (19). The common output shbwri m the two figures (the test subject output 
(11)(18)) is simply a qualitative measure of the subject's response to the audiometer 
stimulus signal. The new output in Figure 2b is a quantitative measure of the sound 
pressure level inside the cavity created by the headphone and the subject's pinna. This 
measure is a linear combination of the passively controlled (12) disturbance and the test 
stimulus arthe location of the microphone (19). It is clear that the microphone signal 
provides the input to the controller. By tracing the propagation of the controller output 
signal, the plant can be defined. Without loss of generality, the output of an ANC 
controller is typically used to drive an electro-acoustic device such as a speaker. In this 
initial discussion it will be assumed that the headphone speaker (14) shown in Figure 2b 
will also be used as the control actuator. Therefore the plant can be defined as the 
signal path including the dynamics of the headphone speaker (14), the cavity dynamics 
(16), and the microphone (19). Appropriate amplification of the controller output and 
microphone signals is also necessary but hot mentioned here. 

^ The microphone should be placed as close as possible to the subject's eardrum 
and as close as possible to the speaker. In order to satisfy both conditions, the speaker 
needs to be located very close to the subject's ear. Figure 3> illustrates an example of 
this concept with a speaker (actuator) (20), microphone (sensor) (21) and subject (22). 
Distance dj is small enough to be in the 1 acoustic 'near field of the speaker (less than the 
radius: of reverberation) while d£ is small enough to be less than the radius of the area 
of silence so that the highest desired frequency of noise reduction is perceivable by the 
test subject. Therefore, each of these distances is a function of the speaker size and ear 
canal depth, respectively. ; [ - \ : i: 

. Returning to the general ~: ; A rrangement , plf ; AftC, several options still remain for 
both actuator and sensor placement. For, the descriptions presented above, both the 
actuator and sensor were fixed relative to the subject's head. This is typically in the 
form of a headset with a headbapd retaining, both the left and right actuators. In the 
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above, it is possible that the actuators (speakers) could be located elsewhere. If these 
actuators were not affixedLwith respect to the sensor (affixed with respect to the user's 




testing procedure, ANC performance could be realized without affixing- the control 
actuators to the>user. : Therefore, either affixing Jthe control actuator (speaker) to the 
user or allowing the actuator to be fixed elsewhere in the environment are both viable 
options for actuator location. These are shown in ; Figures 4a and 4b. Figure 4a uses 
two headphone actuators (24) that deliver both the control signal and audiometer test 
stimulus simultaneously, a sensor for each'ear (25): and a headband (23) which secures 
the actuator sensor pair to the ears of the test subject. Figure 4b uses two actuators- 
one for test stimulus delivery to each ear (27), and one set (26) for the active noise 
control force for each ear. ?1 . — ; . : k : ' 

■ There are currently two popular methods in audiometry for delivering 1 the test 
stimulus to the subject at a known SPL: the MX*41/AR type cushion with TuU-# type 
speaker and the insert earphones. For. this invention, each of these actuators can be 
used for control and lest stimulus delivery, simultaneously.: <This is. discussed in more 

z gP^M jn further embodiments). This /invention, uses standard audiometry equipment to 
fit wi thin the currently established national and, international, standards for audiometry 
testing devices;, however, , it would* also be possible to realize the invention using 
speaker, earcup, and ear-cushion^ models that are not commonly used in modem 

^2%<2?2£ iT 9 J e ? f K ?J& u JR menl; No standards preclude the use of- ANC in audiometers but 
ISO 389 and ANSI S3. 6 set forth very stringent requirements for calibration and design 

jpf the audiometer headphone and cushion. iThe insert earphone is still being evaluated 
because it does not comply with either of these standards). By incorporating a 
microphone into the standard headset, the standard actuator can be used along with the 
passive measures (MX style cushion) to: .perform ANC without deviating from the 
regulations. For this specific arrangement, the microphone must bp placedso that the 
required volume of contact during the calibration procedure (6 cm 3 ) is not reduced by 
1 R£sence of the microphone. One possible headphone arrangement that meets ANSI 
and ISO standards is shown in Figure 5. The cross^section ot a TDH headphon£j.(29) 
equipped with a microphone (30) and MX cushion (28) places the microphone such that 
the calibration volume is the same before, and after insertion of the microphone. There 
are many more possible arrangements that will meet the current audiometer? standards 
by ensuring a proper cushion, seal, and calibration procedure. They are npt -discussed 
in detail here but can be inferred without deviating, from the general -.concept of 
permitting a proper calibration procedqre with a microphone affixedto the Headset near 
the speaker and/or near the subjects tar. \It is envisioned that any such arrangement of 
iv£,J3v ,c J 0 P hoi ?. e > actuator and cushion which conform^ to currently existing standards 
(1997) for audiometer headphones, ydllbt cjaimed. ... 

. The insert earphones require a slightly different am>roacli : if ANC is to be used 
directly with the insert earphone actuator. The earphones fit into the subject's ear canal 
with a tube delivering the test stimulus to the. r eardrum. This method provides 
uneaualed passive performance in the high frequency region but cannot effectively 
block low frequency disturbances and is plagued with oiser variability as a result of non- 
rereatable insertion depths. This drawback aside, ii is possible to place a microphone 
inside the foam plug that is inserted ihto.the subject's ear. This is all that is required to 
perform active noise cqntrol with. the foam plug.; (The different control apprdaches are 
discussed shortly).. *,* 

A further embodiment that is ^envisioned for the application of rANC hlo 
audiometry involves using separate actuators for control and test signal delivery The 
test signal actuator can be placed on > thp user's ear in< accordance with the current 
standards. Then, an active noise control Actuator-sensor pair can be placed in parallel 
with the test stimulus actuator. 1 As v^ill be seen later, depending on tHe control 
approach used, the test stimulus will likely be modified by the action of Vthe controller, 
using separate actuators can complicate the procedure required to compensate for this 
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modification. This is explained in detail in the section describing the inclusion of the 
audiometer test stimulus. While this embodiment is not limited in application to either 
of the two traditional audiometer headphone devices, it will be most easily and 
effectively, implemented with the insert earphones. Figure 6 shows one possible 
embodiment of the dual actuator approach described above.. The insert earphone (34) is 
used to deliver the test stimulus (35) directly to the subject's ear drum (36) ana is 
effectively reducing ambient high frequency noise. Now, an active noise control 
headphone (33) having its own actuator (31) and sensor (32), is placed on top of the 
subject's pinna in orcler to provide low frequency attenuation. As mentioned above, 
compensation of the test stimulus is necessary in some control approaches, specifically 
feedback control. However, using separate actuators for insert earphone audiometry 
does not require test stimulus modification. This is considered to be a significant 
advantage. The reason for this is that the transfer function magnitude between the 
actuator delivery and the active noise control sensor is so small that the feedback 
control will not affect the test stimulus. This is shown in mathematical detail when the 
audiometer test stimulus delivery is described. 

Although the constraints of the standards for test stimulus delivery have been 
compatible with the previously described innovations in active noise control for 
audiometry, it is a further embodiment of this invention to provide a generic 
audiometer which incorporates active noise control without necessarily meeting 
applicable standards. A headphone system that has superior passive performance and 
incorporates active noise control; can oe designed to deliver a known SPL to a subject's 
eardrum. The cross section of one such devrce is shown in Figure 7. A larger volume 
(40) is provided to easily house the ANC sensor (38) and to bnng it equally close to the 
subject s ear and speaker. A circum-aural passive seal (39) is provided' which more 
effectively attenuates high frequencies than the conventional supraural cushion. A 
design such as this will improve both active and passive performance but will likely not 
meet applicable standards due to the circum-aural contact and excess volume in front of 
the speaker: However, a new calibration procedure is proposed^ for this system by first 
determining the average- subject's eardrum location and enclosed volume. Then each 
test tone can be calibrated with an SPL meter located at the virtual average eardrum in 
a fixture that approximates the average human skull, pinna, ear canal combination. 
This is precisely the same procedure used to calibrate the current standard; it is simply 
an estimate of the average human's auditory frequency response characteristics. 

Until now, only embodiments of possible plant arrangements for ANC in 
audiometry with limited mention of controller architecture nave been addressed. 
Although the physics of global and local noise control apply across all controller 
designs, certain controllers perform more effectively within these physical constraints 
than others, depending on the situation. The control strategies for audiometry 
described next do not disallow any type of active noise control technologies for the 
application of ANR audiometry. "Each has adyantages and disadvantages in different 
plant arrangements and noise fields. It is for this reason that plant dynamics and the 
physics of active noise control were discussed first. There, are three different types of 
control that can be used for ANC in audiometry; They include feedback, feedforward, 
and combined feedback/feedforward. The preferred embodiments will now be 
discussed in this order. Once the general form and function of each controller is 
described, several of the plant options will be presented in terms of their effects on the 
controller design. ' ,;./': 

As mentioned earlier,, the controller implementation is not intended for hearing 
protection but rather for disturbance rejection in. relatively low noise environments 
encountered most often during audiometry testing. Feedback control approaches are 
well-suited for this type of control goal.'; Figiire r 8 illustrates a block diagram of a 
conventional feedback control loop: llie plant G(s) (42) contains all of the dynamics 
described, earlier for the active noige control system ; while H(s) (43) represents the 
controller itself . The disturbance d(t) represents the undesirable ambient noise entering 
the system just following the plant. Finally" - th^, input signal t(t) is the test stimulus 

§ en e rated by the audiometer. It is modified, by^ the pre-filter P(s) (41) before being 
eliverejd to the user via the plant. The diitput e(t) of the entire (closed-loop) system 
represents the sound pressure level experienced by the user and is also the input to the 
cpntroller:/ / 
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The feedback controller desigif itself is quite simple. Each transfer function in 
the block diagram is a function of Trequericy,. represented using the Laplace variable 
s M . A mathematical expression for the time-signal e(t) as a function of the signals d(t) 
and t(t) can be created assuming negative feedback and is shown below. 

* ' i -i . • ■■ • \* v . • • * ; . 

Examining the. effects of the disturbance on the error signal, it is easily seen that by 
raising the overall gain of H(s), the contribution of .the disturbance acoustic noise to the 
error signal is decreased. This is in fact the. desired goal. There are limitations on the 
magnitude of frequency dependent gain that can oe realized for the closed loop 
feedback controller. Adhering to Bode gain and phase margins, it is necessary to limit 
the open loop gain (G(s)*H(sj[) in order to avoid adding noise to the system,; .thereby 
increasing e(n. These constraints are widely known within the control community and 
will not dc discyssed here. The primary difference in this innovation versus other 
feedback control /designs is that the control goal of disturbance rejection is targeted 
toward extremely accurate delivery of the; audiometry, stimulus rather than hearing 
protection, thereby, differentiating 4his invention vftom . all, other .... ANR headsets 
applications. Technically, this .differentiation is embodied in the specific design for? 
P(s)and the specific form of H(s). . . / — \ ■ . , % r • ~ , 

. . As mentioned .earlier, and can be seen in the above equation, the test stimulus is 
; adversely affected by>:the; closed loop system. It is desired to have the coefficient of the 
test stimulus. t(t) equal to unity for all frequencies so the SPL delivered to the subject 
(e(t)), is known. In order to achieve this, P(s), a pre-filter for the test stimulus must be 
designed to conform to the following equation; 

• " ' .... • /a ' ; s * .: •' • - 

_: l + G(s)H(s) 

Depending on the nature of the test Stimulus; this equation can be satisfied for all 
applicable frequencies. In general, P(s) shown above will represent an acausal or 
unrealizable filter with a zero-pole excess. However,,. over the bandwidth. of the -test 
stimulus, a filter can be built that minimizes or, ^eliminates the control loob'4. effects on 
the tesrstimulus. This is achieved by designing P(s) as shown above, pver a narrow 
bandwidth of the test stimulus and subsequently adding higher (outside th*6 test stimulus 
bandwidth) frequency poles. ; - 

The controller. H(s), cah, , be physically implemented in two "possible 
realizaUons. Figure 9 shows a detailed block diagram of a closed loop feedback 
controlled system for disturbance rejection in audiometry using analog electronics only. 
The analog filters P(s) (45) and B s) (49) are built using operational amplifiers, 
resistors, and capacitors to place the zeros and poles of P(s) and H(s): The 
components include signal amplifiers (4jS)(50); the speaker (47), microphone (51) and 
cavity (48). Figure 10 shows an entirely different implementation of feedback 
distumMce rejection for audiometry, realized usinjg ;digital software. H(z) (61) arid 
P(z) (55) are digital filters designed, under the same rBode gain and phase, .constraints 
discussed above implemented using FIR Or IIR filters in DSP software. HbwSver, the 
plant now includes additional hardware. necessary for' performing digital control. Antir 
alias (53;(63) and smoothing (57) low-pass/filters are necessary to eliminate higher, 
frequencies that ihay alias as a result df; sampling. Adding these components into the 
feedback loop introduces additional dynamics that can make controller design more 
difficult and less optimal than that which can be achieved using analog components. 
However, the ease of digital design changes, added features, and software monitoring 
options in audiometry makes digital feedback control an attractive option. This 
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versatility is more readily available when implementing feedforward control in 
audiometry disturbance rejection. 

Proper designs of feedforward control use signal information other than the 
error sensor as an input to the controller. Therefore, feedforward control is not subject 
to the same stability constraints specified for feedback control. Figure 11 illustrates the 
feedforward control approach for active noise control in audiometry. Because of the 
complexity of the algorithm, it is not possible to efficiently -implement the feedforward 
controller using only analog hardware, so only the digital, implementation for 
audiometry is shown. Beginning: with the controller itself (72)(79), the general 
structure is commonly known as the filtered-X LMS algorithm used in active noise 
control. The software based algorithm (79) computes the weights (filter coefficients) 
for the FIR filter (72) using either the standard LMS algorithm or the "leaky" LMS 
algorithm, shown respectively below 



w(n+l) = w(n) + fiir(n)e\n) 
■ w(n+i) = (l~/xa)>v(/i) + fir(n)e\n) 



where the weights (w(n)) are calculated . during each sample iteration based on the 
measurement of the reference signal r(n) and the error signal e(n). The error signal is 
the same as in feedback control, collected from the error sensor (microphone) (85) near 
the subject's ear. The reference signal, however, is a signal that is highly correlated 
with the error signal but not controllable by the control actuator, or speaker (76)., (This 

f prevents a feedback loop that can go unstable). The. selection of this reference signal 
or active noise control is most commonly, a secondary microphone located at a distance 
far enough away from the speaker that the frequency response function magnitude from 
the speaker to the reference microphone is lower than -20 dB at all frequencies. The 
exact location of a microphone that satisfies this requirement must be established for a 
particular implementation and is dependent upon the speaker size and noise field. In 
both the normal LMS. and leaky LMS algorithms, the. factor a controls the rate of 
convergence of the filter and should be less than the inverse of the average reference 
signal power. This constitutes the stability constraint in feedforward control. If this 
value is too high, the algorithm will diverge by taking too large of an increment 
between weight calculations. If it is too small, convergence will not be fast enough for 
changing noise field dynamics. Finallyv -the "forgetting factor" in the leaky LMS 
algorithm allows old, non-useful weight update information to be lost over time. This 
is useful when transient noises impinge on x>oth the reference signal and the error signal 
but need not be controlled oyer long periods of time. ~ 

The weight update equations shown above can be solved for the optimal Wiener 
solution for linear filtering. For ideal conditions; (i.e. no noise) this optimal solution 
corresponds to the matrix multiplication of r the inverse autocorrelation matrix of the 
reference signal and the cross correlation matrix of : the reference-to-rerror signals. 
Given this, any signal that is present in the error but not in the reference (or vice versa) 
will have a very small cross correlation and will therefore not be controlled. This is 
ideal when including the audiometer signal in the feedforward control approach because 
no external modification to the test stimulus is necessary in order to provide the test 
stimulus to the user unaffected by any control action. This holds true whether the 
stimulus is presented through the : same or different actuators as the control signal, as 
long as it is not present in both the reference signal-and the error signal. 

There are thrbe .possible alternatives for the inclusion of .the audiometer test 
stimulus into the feedforward control algorithm if only one actuator is used 
simultaneously for both control and test stimulus; Two of these are explicitly shown in 
Figure 11 as ^Option 1" and "Option 2". The first; option uses the same DSP that is 
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running ihe control code, to sample the signal (68) exiting the audiometer (66) (with 
the appropriate anti-alias filler (o7) in place). This permits the algorithm to ada the 
two signals together in the software, and drive the single actuator (76) with both the 
control and test signals. The second option shown in Figure 11 incorporates an analog- 
based: summing amplifier/just before the speaker amplifier so that the audiometer (69) 
signal can be added to the control signal. This combined signal is then used to drive a 
single actuator (76) that delivers both the control and lest stimulus. The third and final 
option (not explicitly shown) for delivery of the test stimulus is to generate the stimulus 
from within the control code and add it to the computed control signal. This provides 
the most flexibility for inclusion of software analysis; display, andcontrol options and 
allows the DSP;to perform. the entire ANC audiometry task. 

In general, feedforward control is most effective- for controlling tonal sound 
fields because the correlation between the reference signal and error signal is highest 
for sinusoidal waveforms. Since conventional feedforward control is not bounded by 
the stability constraints of feedback control, theoretical performance is only limited by 
the correlation between the reference and error signals. For very high coherence, 
feedforward performance is unbounded. Feedback control however, has limited levels 
of performance over a pre-specified bandwidth as determined by the Bode gain phase 
relationship. For these reasons, feedback control tends to perform better for broadband 
and "flat" noise fields while feedforward contrpl performs better for tonal noise fields. 
In reality, most ambient noise fields contain a combination of broadband and tonal 
content. Therefore, the best choice for a controller that can effectively reject these 
disturbances is a combination of feedback and feedforward control. The audiometer 
application may require the blended approach depending on the ambient noise 
« environment, so. it is specified in this description. - - 

Figure 12 illustrates a * block diagram of the combination feedback and 
feedforward control approach for audiometry. Several of the details presented for the 
; individual control approaches still apply . to Figure 12 even though they are not 
i explicitly shown. (These include the microphone, amplifiers, cavity and speaker 
represented by G(s) (86) and the anti-alias and smoothing 'filters required in the 
sampling process). In order, to combine ;"lhe$e two control approaches* the feedback 
controller (84) must be in place before the feedforward controller (87)(89) is designed. 
This is primarily because the system identification required by the filtered reference 
£88) LMS algorithm (89) changes when the controller is included in the loop. 
"(Although Figure 12 shows the feedback jcontroller in an analog implementation, the 
combined controller can also be entirely -digital). Once the feedback controller has 
been designed for disturbance rejection, the system ID for the feedforward controller 
can take place. During control, the output of the feedback controller is ^ added directly 
to the output. of the feedforward controller to form a single control signal that is sent to 
the actuator. The test stimulus is also combined with the control force and sent to the 
same actuator if only a single actuator is- used for both control and test signals. The 
pre-filter (85)for the test stimulus is to: «' compensate for the feedback portion of the 
combined controller only. As mentioned earlier, the feedforward control approach has 
no effect on the test stimulus as long as it is not present in the reference signal. 

Returning to Figure 1, the final- design embodiments focus on the summing 
junction (4) that includes the audiometer (3p Thus-far, there has been no discussion of 
the physical arrangement of the audiometer with respect to the ANC hardware. Next, 
the inclusion of the unaffected audiometer signal lor all proposed plant and control 
options will be reviewed. Then, two-embodiments of the ANC audiometer will be 
described in terms, of locating thfc, ANC hardware, and/or software with respect to the 
audiometer hardware and/or software. : . 

As mentioned earlier, feedback 'control can and will adversely affect the test 
stimulus once the loop has been closed. Vln the case where only one actuator is used for 
control and stimulus delivery, the two voltages are combined using a summing junction 
realized in analog hardware* (operation amplifiers) or in digital software code. Already 
discussed in .detail, the pre-filter necessarV for the' test stimulus must cover the same 
bandwidth as the test stimulus and invert' the closed loop control" system to eftsure that 
the test stimulus remains unaffected./ I c l . * ; ... '.. ».:., 
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In the case where two actuators are used, one for the control and one for the 
stimulus, the required pre-filter becomes a function of the dynamics between the 
actuator delivering the test stimulus and the error sensor in active noise control. This 
can be seen by considering Figure 13 for the case where the insert earphone (95) 
delivers the test stimulus and a separate actuator (91) delivers the active noise control 
signal. There are actually two error signals which can be evaluated: the active noise 
control sensor (93) and the sound pressure level at the eardrum. e2(t). Using the block 
diagram ii) Figure 13, the signal at the subject's eardrum (which is of primary concern) 
is represented by the following equation. 

l + G(s)H(s) s 1 




lurrcuun coemcieni oecomes unity ana ine pre-imer f{S) {pi) can also be unity in order 
to deliver 1(1) to the eardrum uriaiffecled. This illustrates a clear advantage for using 
separate actuators as long as the transfer function (90) from the stimulus delivery to the 
error sensor is assumed small: In cases where Gi(s) is riot small, two actuators can 
still work but P(s) is non-unity and must be designed to invert the coefficient of t<t) in 
the equation above, over the bandwidth of; tKe test stimulus. These conclusions are 
generalized for the case of two actuators used in feedback noise control using the 
equation above. .. . 

Feedforward control offers a distinct advantage , over feedback for - ANR 
audiometry in that the test stimulus can be delivered to the subject unaffected by the 
control action, without any additional modifications. As discussed during the plant 
design section above, the error sensor (microphone) should be located close ta the 
subject s ear to maximize noise control performance. Given this, whether one or two 
actuators are used in feedforward control; the error sensor will detect at least some of 
the test stimulus as it is delivered to the subject. However, as long as the reference 
sensor does not detect or contain signal content from the test stimulus (i.e. coherence is 
low), the feedforward controller will have no effect on the test stimulus. For this 
reason, the combined feedback and feedforward control option will only require 
modification as a result of the feedback control force, and not the feedforward* In the 
case of two actuators and combined feedback and feedforward control, the equation 
above will apply since the feedforward control action will have no affect on the test 
stimulus. 

There is one final alternative for delivering the audiometer test stimulus during 
control. The primary requirement for delivery oi: the test stimulus is that the SPL at 
the eardrum needs to be known. This allows an accurate comparison of hearing levels 
to those with normal hearing at 0 dB HL (established over many years of testing}. The 
8° a ] ° f modifying <the test stimulus with a pre-filter is to deliver the signal without 
modificauon so calibration baselines can be established as they always have been. 
However, since calibration of the audiometer must occur before each hearing test, the 
baseline could be established for the test stimulus during the. calibration procedure thus 
eliminating the need for a pre-filter. This works especially well for narrow band test 
stimuli such as pure tones. An example of this is now presented for clarity. 

r JL Consider that single actuator, single sensor :XNG audiometry is performed using 
feedback control -for disturbance rejection. The pre-filter required for a pure tone test 
stimulus is one frequency unit wide and/corresponds to a simple gain- : - with the pre- 
filter in place, the calibration setting for the pure tone tinder test, before and after the 
inclusion of the ANC will npt difRr since the, SPU of the tone has been adjusted to 
remain the same. Howevei;, if , the prerfilter is removed; the SPL of the test stimulus 
will be much lower due to the closed lopp control action. Calibration of the SPL of the 
test tone will be-different for the control on vs. control off case. If the test tone is 
reduced by 20 dB due to the controLaction, the calibration of the measured hearing 
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level can be adjusted by adding 2(.VdB,ahus eliminating the need for a pre-filter For 
broad band test stimuli such as speech, the calibration procedure will not be as effective 
in determining accurate thresholds due to the need for Frequency dependent* gain. 

Once the test signal has been included into the control algorithm, a decision 
must be made on how to- prcjperly incorporate the audiometer hardware or software 
with the ANC hardware or software. There are several possible embodiments that are 
now discussed. ; . \ 

Many fully functional audiometers currently exist and are used in clinics, 
industrial settings and offices around the world. The most common design of these 
audiometers consists of a headphone system that can be easily disconnected from the 
audiometer hardware that generates the test stimulus and receives an indication of the 
patient s response. Because of this modular design, it is easy to provide a retroactively 
tilted ANC device that works in conjunction with current audiometer hardware. Figure 
14 illustrates one oossible embodiment of such a^device. The ANC retrorfit device 
includes the ANC headphone system (101)(102), an input output device , (100)(99) 
containing the ANC hardware or software (depending on the controLapproach used) 
and two cables to connect the standard audiometer to the ANC 5 device. ; In most 
audiometers (98); .the left and . right ear testing cables are separate cwe-channel lines (as 
opposed to a single two-channelling). Either embodiment is possible depending on the 
output of the audiometer. The A^C: device receives as. its jnput, iheTeft and rights 
audiometer signals that are sent : tcr the . pre-filters (if required) as described above* 
These signal inputs must bje imp^darice^matched. -r '. 

... stimulus delivery system cannot be the conventional headphone system 

.delivered with the standard audiometer. The headphone system (101)(102) will 
conform to the plant design requirements presented above for ANC audiometry but 
-may be any embodiment that has been described and still apply to this retro-fit device 
There are= two other inputs and two outputs for the retro-fit ANC audiometer The two 
in I> ut ? are the left ear and right ear microphones' (102) and the outputs are the left ear 
and right ear actuators (101). If a dual actuator, approach is used, flie test stimulus can 
either be pre-filtered by the ANC device /Crequiring two more outputs) or passed 
directly to the test stimulus delivery actuator r it .pre-filtering is not required. Other 
inputs to the ANC, retro-fit device could, include a reference signal for use in 
feedforward or combined feedforward and feedback control. This embodiment permits 
clinicians with experience and access to- a conventional audiometer . (98), io take 
advantage of the benefits of an ANC audiometer. The next embodiment gives the 
consumer the opportunity ; to upgrade their entire audiometer system.-/ 

An integrated ANC audiometer combines into a single package, both the ANC 
hardware and audiometry hardware as shawn.ih Figure 15. In this embodiment, all 
the functions of the ANC system (105) describetT above are constructed as integral 
electronics with the *udiometer,furictibri.'electronics (106) within a common casing. 
The user will be able to switch on or. o£f,tbe:u$NR functionality depending on the 
environmental noise conditions. As* the.: test operator switches settings on the 
audiometer, the ANR circuitry will provide the required additional noise- reduction. 
I his integrated configuration, of the audiometer can . be used as a single unit without 
need for external attachments; of l any Vtype.? It : will require the use of a special 
above 6 Sy < 103 )( 104 ) ? f * e : instruction and functionality described in detail 

. , , _ _ 

Many new innoyations have been discussed in the description of the preferred 
embodiments presented above. The general concept of using active noise control in 
audiometry was the focus of the discussion , with special emphasis on plant design, 
controller design, and audiometer/ANC .integration. Plant designs which conform to 
the national and international standards for audiometers .were presented as well as 
designs which may improve attenuation 2 ; perf6rmance. but do not fit within these 
regulations. There are many -possible arrangements for. the plant but only a few were 
specifically mentioned. However, the idea' of creating a headphone plant which both 
contorms to standards, for audiometers and contains all the necessary components for 
pertormmg active noise control : is novel and innnovative even though all bossible 
embodiments are not explicitly described. Alternative plant architectures were 
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described which require iheir own calibration procedure which was also discussed in 
-detail. Next, several control algorithms were presented in detail, which can be used to 
perform active noise control on the audiometry system. They include: feedback, 
feedforward and combined feedback/feedforward. Provisions were made for each of 
these algorithms to accurately include the audiometry test stimulus allowing a standard 
calibration procedure to occur. Finally, several embodiments for the combining of the 
ANC hardware or software with the existing or fabricated audiometer hardware or 
software were discussed. It will be obvious to those of ordinary skill in the art to make 
many changes and. modifications to the invention without departing from the scope of 
the appended claims. 



Claims 



What is claimed is: 1 - \ - 

1. An active noise control system for use in audiometry or_hearing acuity 
testing for attenuating any ambient noise existing in the proximity of the auaiometnc 
test subject, said system comprising 

means for sensing the ambient noise, 

attenuation means for attenuating the ambient noise in said proximity of the test 

subject, 

control means adpated to alter or adapt said attenuation means so as to reduce 
said ambient noise field in the proximity of the test subject, 

wherein said sensing, attenuation, and control means are used in conjunction 
with audiometric testing of said test subject, 



2. The active noise control system as in Claim 1 wherein said system includes a 
feedback control means containing analog hardware so as to modify the said attenuation 
means to attenuate ambient noise. 

3. The active noise control system as in Claim 1 wherein said system includes a 
feedback control means containing digital software so as to modify the said attenuation 
means to attenuate ambient noise. 

4. The active noise control system as inGlaiml wherein said system includes a 
feedforward control means containing digital software so as to modify the said 
attenuation means to attenuate ambient noise. ; 

5. The active noise control system as in Claim 1 wherein said control means is 

adaptive!: < ^ r 

6. The active noise control system as in Claim 1 wherein said control means is 
feedback.— " l : - r '* ; 
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7. The active noise control system as in Claim 1 wherein said system includes 
both feedback and feedforward components- so as to provide different attenuation means 
for different types of noise fields simultaneously. 

8. The system as in Claim 1 whereby said control means is an external unit 
and is adapted to be used with any audiometer.. ,. 

- f r > • - ' . i 

9. The system*. -as in Claim 1 whereby said control means is situated inside an 
existing audiometer. % 

10. An active noise control system for use in audiometry or hearing acuity 
testing utilizing a test stimulus, said system comprising 

means for compensating or modifying the audiometry test stimulus such that it 
remains unaffected by said active noise control system, and 

means for incorporating the modified audiometry test stimulus into the said 
active noise control system. 

11. The system as in Claim 10 wherein said means for compensating the test 
stimulus is the causal inverse of the test stimulus to control the output frequency 
response function in the critical bandwidth of which the test stimulus is effective. 

12. The system as in Claim 10 wherein said means for compensating the fest 
stimulus is a simple amplification for test stimuli which are strictly tonal in nature. 

I 13. : The system as in Claim 10 wherein:said means for compensating the test 
stimulus is performed in the calibration procedure for the said active noise control 
system and no direct modification of said test stimulus is performed. 

14. The system as in Claim 10 wherein said means for incorporating the 
audiometry test stimulus is a summing amplifier: 

15. The system . as in* Claim 10 wherein said means for incorporating the 
audiometry test stimulus is .a secondary electro-acoustic transducer. 

16. The system as in Claim 10 including a control means which is situated as 
an external unit and can be used with any audiometer. 

^ 17 The system as in Claim including a control means which is situated inside 
an existing audiometer. : ? --V..V-' \i - 

18. An active noise control system for use in audiometry or hearing acuity 
testing involving a test stimulus for attenuating any ambient noise existing in the 
proximity of the audiometric test subjebt; said system comprising 

headgear means for placement atop the said test subject's head, - - 

at least one electro-acoustic transducer, means mounted on' said headgear means, 
at least one acousto-electric sensing 1 means mounted on or in said headgear 

means, 

■ . . i ' ■ . i.rs r j rA \ . 

attenuation control means connected to said electro-acoustic means and to said 
acousto-electric means and designed to attenuate said ambient noise, and 

means for delivering audiometnc test stimulus altered or unaltered by said 
control means, to the test subject. 
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19. The svstem as in Claim 18 wherein said control means is either analog 
feedback, digital feedback, feedforward, adaptive feedforward, or adaptive feedback, 
or any combination thereof. 

20. The system as in Claim 18 wherein said electro-acoustic transducer means 
is also the audiometry test speaker. 

21. The system as in Claim 18 whereby the means for delivering the 
audiometric test stimulus is the causa] inverse of the said attenuation-control means 
thereby delivering the audiometric test stimulus to the said test subject, unaffected by 
said control means. 

22. The system as in Claim 18 whereby said attenuation control means is 
situated as an external unit and is adapted to be used with any standard audiometer. 

23. The system as in Claim whereby said attenuation control means is situated 
inside an existing audiometer. 

24. An active noise control system for use in audiometry where a test stimulus 
is employed, said system comprising 

sensing means for detecting ambient noise * 

a. variable noise attenuation means adapted to variably" adjust the ambient noise 
in the immediate vicinity of a test subject so as to reduce said ambient noise. 

25. A system as in claim 24 wherein said noise attenuation means includes an 
analog feedback control means. ~ 

26. A system as in claim 24 wherein said noise attenuation means includes a 
digital feedback control means. 

27. A system as in claim 24 wherein said noise attenuation means includes a 
digital feedforward control means. 

28. A system as in claim 24 wherein said noise variable noise attenuation 
means is adaptive in operation. 

29. A system as in claim 24 wherein said noise attenuation means includes 
both a feedforward and a feedback component so as to provide attenuation to different 
types of noise fields simultaneously. 



BNSDOCID: <WO 0106916A1 J_> 



WO 01/06916 



PCT/US99/16293 



d. 



AtJC 1 ^PASSIVE 




TEST 
SUGJgCT 



FIGURE Zq 




TffST Subject 



t> %«»T L7 &. & A IOCS 



1*1 




an 






30 




1/3 



WO 01/06916 



PCT/US99/16293 



Pict/Rg 7 





no 



Ft&ucg to 



s-r « 



/uj& H a^Ha/d r n fr*>l 



AMP 



4^ 




Am? i 1 M \C 



SO- 



6"l 




J<0 



) M(^p |A/P H— [ MF H AHPH -f^ 

tl / £5* 1*2 



F»&uB-e ii 




IT ') 




1 1 




J i 






AMP 



777 



J(0 



Fi&ug.g rz. 



t(0 




2/3 



BNSDOCID: <WO 0106916A1 I > 



WO 01/06916 



PCT/US99/I6293 




FlGrUK-E IH 



too- 




2. OQTPUTS 



2. MIC iWPVTS 



lor 



I ©5 






2. sp^e. 


OOTPOTS 




. L 










Z_ MIC 


1 KJ f>U"TS 





..r 



3/3 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/16293 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A6IB5/00 
US CL :600/559 

According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 381/71, 72. 111: 600/559 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 
A 



US 5,452,361 A (JONES) 19 September 1995, cols. 1-3. 
US 3,799,146 A (JOHN et al.) 26 March 1974. 
US 4,548,082 A (ENGEBRETSON et al.) 22 October 1985. 



1-29 
1-29 
1-29 



| j Further documents are listed io the continuation of Box C. | | See patent family 



annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 



*E" 



earlier document published on or after the international filing date 

document which may throw doubts on priority clsira(s) or which it 
cited to establish the publication date of another citation or 
special reason (as specified) 

document referring to an oral disclosure, w 



later document published after the international filing date or f 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 



document published prior to the international filing date but later than 
the priority date claimed 



document of particular relevance; the claimed invention 
considered to involve an inventive step when the 
combined with one or more other such documents, such 
being obvious to a person skilled in the an 

document member of the same patent family 



cannot be 



Date of the actual completion of the international search 
13 SEPTEMBER 1999 



Date of mailing of the international search report 

28 OCT 1999 




Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D C. 20231 
Facsimile No. (703) 305-3230 



INDENBURG y^^^^^^ 



MAX H INDENBURG 
felephone No. (703) 308-3 130 



BNSDOC!D:i«an_Fti*cfe9^At5 _W) (second sheetXJulv*£92)w- 



